Abstract -A rail-mounted model of a small cow is to be used in the training of horses for camp-drafting contests. The paper concerns the addition of sensors and a strategy to enable the machine to respond to the proximity of the horse in a manner that will represent the behaviour of a live calf.
I. INTRODUCTION
Some years ago a project was reported that concerned the development of a mobile robot for the training of horses for cutting contests. In such a contest, a horse and rider must 'cut' a young calf out from the herd, see figure 1. Robocow was a steered tricycle that could be programmed to perform a sequence of agile manoeuvres. [1] It had been intended to add sensors to modify the behaviour in response to movement of the horse, but the project was deemed to be complete before this was done.
A new client showed a similar interest in horse training, but was content to base his system on a more conventional arrangement, thus avoiding the need to acquire the rights of the earlier machine.
The use of a robot for training is more desirable than the use of a live calf. The calf is unpredictable and loses interest after a very few manoeuvres. Many simple mechanisms are in regular use, including a model calf suspended on a cable. Sometimes the cow body is rudimentary, to say the least, as seen in figure 2.
The client had purchased a system in which a trolley ran on rails, propelled by a rope. This was driven by a large motor at one end of the track and the 'cow' shuttled to and fro between two micro-switches near the ends of the track. This is shown in figure 3 . When purchased, the cow was coloured green! Rather than modify this somewhat cumbersome device, it was decided to redesign the system entirely. The new machine was conceived with a maximum of versatility in mind, allowing for the cow to sense the detailed location of the horse and its orientation. As discussion and practical development proceeded, however, it was found that a more simplistic sensor would meet the requirements of the client but that the detailed dynamic behaviour of the machine must be enhanced to match that of the cow.
II. DESIGN REQUIREMENTS
The machine must respond to two sets of inputs. The first is a control held by the rider, giving an ability to start or halt 1-4244-1358-3/07/$25.00 ©2007 IEEE the system and to set parameters such as maximum speed. The second set of inputs must allow the cow to 'see' the horse and respond accordingly. The rider's commands are transmitted by a simple radio control, such as is commonly used for keyless locking of a motor vehicle. However radio is not appropriate for the detection of the relative positions of the cow and horse. An optical system was chosen, employing infrared beacons mounted on the horse.
Since the corresponding sensors are mounted on the trolley of the cow, the rope-driven method would present a communication task between sensors and motor. It was therefore decided to make the trolley self-propelled, with all sensors, motors and computing equipment travelling with the cow. Power was provided through the two rails on which the cow runs, after the style of a model railway.
In the cable-driven system, the rope had been attached to a lever that caused the cow to rotate to face the direction in which it was pulled. Such rotation occurred as soon as tension was taken up to cause the cow to decelerate. It was instead decided to rotate the new cow with an independent motor, so that the relationship between rotation and acceleration could be programmed to meet the desires of the client.
The new mechanical arrangement of the transport mechanism is shown in figure 5 .
The desirable top speed of the cow was expressed as some 5 metres per second, although it will usually operate at a lower setting. An acceleration of 5 m/sec 2 would require a coefficient of friction of 0.5 with all the weight on the driving wheel. The all-up mass of the trolley might be of the order of 5 kg, so a force of 25 Newton should suffice..
It would therefore appear that a 100 watt DC motor marketed for driving an electric bicycle will come close to fulfilling the electromechanical requirements. On 12 volts, the drive wheel is found to rotate at 4 revolutions per second. The circumference of the output wheel is 450 mm, indicating a speed of 1.8 metres/second or 6.5 km/hr. With a supply of 24 volts, this speed will double. A yet higher voltage might be ruled out on the grounds of safety, since the supply voltage is available on exposed rails. The speed/voltage relationship indicates that the propulsive force will be 6.6 Newton/amp, so that the acceleration can be achieved with just 4 amperes of drive.
The workshops were keen to produce a lifelike body, so they devoted considerable time and expense in the design and construction of a fibreglass shell. The head was turned by the rotation motor while the rump was separately hinged so that it could lag behind the turn, trailing after the head.
This body is shown in figure 6.
Fig. 6. The fibreglass body
As development of the prototype continued, the client decided that the separate articulation was unnecessary and that a rigid body should rotate about a point behind the shoulders. It is hoped that the body and mechanism can be made much lighter than this first prototype.
The substance of this paper concerns the sensors, the corresponding strategy and the means to implement it.
III. SENSING THE HORSE
Although the National Centre for Engineering in Agriculture has considerable experience in the analysis of camera images, [2] it appeared that something much simpler would suffice. Infrared light-emitting diodes were to be mounted on the bridle and on the saddle of the horse, on the left and on the right sides, all capable of emitting signals with distinct identities.
Multiple receivers are mounted on the trolley of the cow. Although it was felt that mounting the sensors in the actual eyes of the cow would be more dramatic, it was realised that the need to base the sensed information on a measured rotation angle would add unnecessary complication. Four sensors can detect signals from far left, near left, near right and far right of the trolley. Events could therefore consist of sixteen combinations of sensor and receiver. Such events, even if only fleeting, will alter the 'mood' of the cow. They will heighten the 'anxiety' and influence the direction in which it will try to flee.
The emitters are modulated at 38.5 kilohertz, to minimise the effect of ambient sunlight. This also makes it possible to use the detectors designed for television remote controls. This modulated carrier would then be chopped by the data signal that identifies the transmitter.
The hardware is designed to make it possible to detect the following conditions: Each of these events can be made to initiate or modify an action. After early demonstrations, however, the client expressed satisfaction with a very much simpler strategy. Identical emitters are mounted near the girth of the horse; possibly the most convenient place to mount them is on the boots of the rider.
Signals received by the two left sensors will be treated alike to initiate a flee-right manoeuvre, similarly the right sensors will be combined.
Further sensors are needed to detect the ends of the track. These are switching hall-effect sensors that detect the fields of small magnets mounted near the ends of the track. The magnets are of opposing polarities, so that there is no doubt about the direction to which the cow must turn. A further sensor detects two other magnets, located within the 'saf'e region.
IV. STRATEGY AND STATE
Two obvious states are the direction in which the cow is facing and the signed velocity with which it is moving. A subtler variable might be one that attempts to model the beast's level of 'anxiety'. This would influence the demanded speed and the sensitivity to input stimuli. At low anxiety, it might require a multiple sequence of eye impulses to set the cow moving relatively slowly. At high anxiety, demanded speed would be high and a minimum of stimuli could cause the demanded direction of travel to be reversed.
In an initial simplified strategy, if either of the left visual sensors receives light from either beacon, the cow will initiate a 'move to the right' manoeuvre, turning if necessary. The cow will accelerate to the speed that was last set by the radio control button. If, however, the horse overtakes the cow so that a right-hand sensor sees a beacon, the cow will start the manoeuvre to reverse its travel.
Normally the modulation of the infrared transmitter would take the form of a coded byte. Since even in an enhanced system there are only four transmitter sites, coding can instead be a simple pulse-length that is much easier to decode.
The selected radio control has four buttons. These were initially designated as 'Stop', 'Run', 'Left' and 'Right'. The Left and Right buttons will cause the direction of travel to change. If Run and Right were pressed together, the maximum speed setting was increased. If Run and Left were pressed together it was decreased. 'Stop' paused the operation, leaving the speed setting unchanged, while Stop and Left together returned the speed setting to a minimum.
Once again, experience with a prototype version of the software led the client to change the operating scheme. He had expressed a desire to use just two of the radio buttons, brought out to two buttons presented on hid first finger and operated by the thumb.
Concern that the cow could be started accidentally, however, meant that a third button was used to disable the cow such as during a change of horses. Now the operation involves long and short presses, together with multiple presses. This is described in more detail in the software section.
V. IMPLEMENTATION
A choice was made to use an Atmel Mega8535 processor. This 40-pin device offers four 8-bit ports, pins of which can be assigned to perform functions such as USART serial communications and analogue inputs. It can be configured to require no external components apart from the sensor inputs and the motor drivers. The connections in this case provide for up to six infrared sensors, four signal lines from the radio decoder, four drives to the two H-bridges, two end-of-track sensors, with the possibility of RS232 input/output. Four additional pins permit the program to be modified in situ. Seven LEDs are also provided to allow input states to be monitored, the eighth pin of port C could allow an acoustic 'beep' or maybe 'moo' to acknowledge commands.
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In case more sophisticated motor control is needed, two analogue inputs allow for incorporation of a tacho signal.
The pin assignment is shown in table 2. A voltage regulator reduces the voltage from a large capacitor, charged to the 24 volt supply voltage via a diode. In this way, brief disconnections should not result in a reset of the chip.
VI, SOFTWARE STRUCTURE
On power-up, the ports are configured. Interrupt control registers are set and the timer configured to interrupt at intervals of 0.1 ms. The external interrupts INT0 and INT1 are enabled to allow the machine to react to the end-of-track sensors.
State variables are initialised, after which the program enters an idle loop.
The regular timer interrupts provide for mark-space control of the motors with fifty levels of drive and a repetition rate of 200Hz.
In the first instance, it will be assumed that simple markspace control will result in speed control of sufficient accuracy. If this is not the case, the differential ADC connections will enable a velocity loop to be closed. The signal can either be taken from a small motor to be added to an idler wheel, or the voltage across the drive motor can be monitored during spaces in the drive.
At the end of each 5ms loop the infrared sensors are monitored, while at 20ms intervals the radio buttons are checked and dynamic control is applied.
After much discussion with the client and a cutting champion, the required behaviour became clear. The turning routine is as follows:
1. Brake to a halt. Pause. 2. Back up slowly for a short interval. 3. Turn for another interval. 4. Drive away at the set speed. A variable 'turning' therefore holds the present state of the turn while a counter manages the duration of each segment.
The end-of-track markers are intended to turn the travel towards the centre of the track, whether under simple or 'intelligent' control. The sensors are Hall-effect switches that detect ceramic magnets attached to the track. The two ends are differentiated by using magnets of opposite polarities, attached to just a single rail. The two Hall-effect sensors can thus be mounted together, but with opposite sensor orientations. When either marker is detected, the corresponding input is pulled low and an interrupt results. A turn is initiated to drive the cow towards the centre of the track. A flag is also set that will inhibit any 'horse sensor' signal from reversing the direction.
A third sensor detects each of two magnets near the end of the second rail, mounted a metre or so nearer the centre than the other sensors. This indicates that the cow has moved clear of the end-zone and the inhibition can be cleared. The sensor is arranged to ground both interrupt lines simultaneously, a condition that can readily be detected.
For now, detecting the horse will initiate the same turning routine that would be caused by an end sensor.
The radio control buttons have the following effect: When button D is pressed, the cow is 'killed'. If it is held for one second, however, the cow is re-enabled. No other input will cause it to move.
If button B or C is pressed to oppose the present movement, the cow stops. A further press initiates a turn, but the top speed has been set to a minimum. For each further press, the set speed is increased, five steps taking it to full drive.
VII. IN CONCLUSION
Although two versions of a working prototype have been produced, the project is far from complete. Already hardware changes in the trolley are required to avoid a derailment if the track is not level. A lighter cow body will also be sought.
The major changes will arise from experience with horses and cows, leading to considerable restructuring of the software. The learning experience will not be confined to the horses.
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